B ackground
For generations Dick's family were associated with the Portsmouth area. Portsmouth (which had still not occupied the whole of the Portsea Island at the beginning of the 20th Century) has for long been a busy place but it is easy now to forget the speed with which it changed after World War II. Before then it was dominated by the huge naval dockyard whose needs were served by a wide range of trades and local industries. It had a large naval presence, there was a Royal Marine Barracks and an Army Garrison of some size. Although the civil port was only a small one, ships brought coal from the North, onions from France and other produce from the Channel Islands. Boats and ships were built on the island. There was a fishing fleet. Portsmouth was a decidedly bustling place and it also had a strong civic sense, too.
With many thousands of artisans, servicemen and professional people, Portsea Island became divided into distinct parts; the artisans and families of 'other ranks' mainly lived in Fratton, Copnor, Milton, Buckland, Eastney, Hilsea and other areas to the north. The profes sional classes lived in Southsea. Within the lines of the old ramparts (perhaps 1 km square) lay Old Portsmouth, a truly heterogeneous area; but even it had its own very clear lines of demarcation. Warblington Street (working class), St Thomas's Street (tradesmen) and High Street (middle class) were parallel to each other yet no more than about 70 metres separated adjacent streets. Indeed, so deep were the social distinctions in Old Portsmouth, Dick's maternal grandfather (St Thomas's Street) ran a mission and evening classes for the less privileged who lived this short distance away in Warblington Street. Houses in Southsea were generally far bigger than those in Old Portsmouth, most of which were built in the 17th and 18th Centuries.
Dick's paternal grandfather was Richard Bishop (1860 Bishop ( -1938 and he was the son of a miner who settled in Cheshire. He was the only boy in a family of 11 children and he married Grace Jenkins who was of Welsh extraction. They moved south to the Portsmouth area. He started there as a clerk and water-rate collector for the Portsmouth Water Company. In that Company's employment, he became an accountant and introduced a system of accounting which minimized the necessary staff and for which the Portsmouth Water Company eventually became well known throughout the industry. In due time Richard Bishop became the Secretary of the Portsmouth Water Company from which he retired to his house in Southsea.
Richard and Grace had a son, Douglas, who only lived for 18 months. They then had twin children, Ida Grace Bishop (1892 Bishop ( -1973 and Norman Richard Bishop (1892 Bishop ( -1968 . Ida remained a spinster all her life and worked as a civil servant in HM Customs and Excise from the time she left school. Norman was Dick's father and, with his sister, he grew up in Southsea. He attended Portsmouth Grammar School, where he did not do well and failed to matriculate; he then became a student at Portsmouth Municipal College, from which he did pass the London University matriculation examination. Like his sister, he was encouraged to enter the civil service but, whereas she passed the examination, he failed. Hindsight shows that this was the best day's work he had ever done and time was to prove him correct.
After his not very auspicious schooling, Norman Bishop obtained a post in Lloyd's Bank, Old Portsmouth. From the bank in Grand Parade he could not miss the naval movements past the Sally Port and through the harbour mouth. He acquired a love of ships and the sea and so it came about that he volunteered for the Royal Navy at the outbreak of World War I as a Paymaster Sub-lieutenant RNR. He was eventually posted as a Paymaster Lieutenant RNR to be Secretary to the Captain of the port of Aberdeen (who, incidentally, was one Captain Laird, a director of Cammel Laird). In that port he was responsible for the pay of the fishing fleets based in Aberdeen and Peterhead; about 300 trawlers and drifters had been comman deered for minesweeping and other duties. Dick's tales about the unothodoxies of Scottish trawler skippers in minesweeping were most interesting.
Turning to Dick's mother's side, one of the firms that served the dockyard was Robert Wood and Son, Brassfounders and Finishers of Old Portsmouth. This little company, founded in 1825 by Thomas Wood who was succeeded by his son Robert, employed about 20 men and was largely devoted to the manufacture of brass and gun-metal boat fittings to meet the comparatively exacting standards of HM Admiralty Inspectors for use by the Royal Navy, and also to meet the needs of the local boat-building industry. The premises were located in Nobbs Lane between St Thomas's and Warblington Street. Charles Thomas Wood was the fourth of 13 children, two of whom became Oxford University Scholars. He was bom in the house attached to the foundry and in due time be became the proprietor of this family concern which his grandfather had founded. He married Julia Donohue whose origins lay in Southern Ireland, her forebears being landowners near Cork.
The Donohue family had suffered like so many others in the potato famine and one son, Timothy, came over to Portsmouth in the early 1850s and joined the Royal Navy. He became a gunnery officer and, as such, was seconded to Sydney Dockyard, where he took his family in 1872, a 5-month journey by sailing ship. They returned in 1877 when his daughter, Julia, was 12, but Timothy did not live to see her married in 1893.
Charles and Julia Wood had four children, Dorothy Mary (1894 Mary ( -1971 , Emily Julia , Charles Goldsmith (1899 Goldsmith ( -1975 and Frederick Herbert (1903-) . The eldest child, Dorothy, was Dick's mother.
Charles Thomas Wood was a well known and much loved figure in Old Portsmouth; he was no forceful business man and he seemed to devote his life to helping others. He was for 25 years a Churchwarden (and benefactor) of the parish church of St Thomas (a Becket), a lovely old place dating from 1183 which became Portsmouth Cathedral in 1927 and, merci fully, escaped the devastation of Old Portsmouth by bombs in 1941.
Dorothy Wood became a student at Portsmouth Municipal College where she probably first met Dick's father. Encouraged by her aunt, she became one of the first 'exchange teachers ' and, in 1913 , was appointed to the staff to teach English at the Ecole Normale in Agen, in the Department of Lot-et-Garonne. She made many friends there and became very fond of France; in fact, students came from a wide area and some from Provence she kept in touch with all her life. She returned to England a few days before the outbreak of war, in August 1914.
After her return to this country, she became a teacher in the Portsmouth area. Her main subject was English and her two sons were to learn that errors of spelling, syntax and grammar would never go unheeded by her. She also had a love of music that brought her closely in contact with Norman Bishop, who had seen her at a recital in St Thomas's Church in Old Portsmouth. They were married in that same church whilst he was on leave during the war, in January 1917, and returned to Aberdeen for their honeymoon, where they were to stay for the rest of the war.
After peace was declared, Norman and Dorothy Bishop 'emigrated' to London. He decided not to return to banking after the war and offered to pay Lloyd's back the part-salary he had been given while in the RNR; the bank declined. He joined Harrods as an accountant in training for the branch they intended to open in Brussels, but when, after some six months, that project was abandoned, he saw little other prospect of promotion and so sought other openings. He became an accountant to Walter Waugh & Co., trading in coal tar by-products. He played a leading part in the amalgamation of nine other similar small firms to form a group which traded as Tar Residuals Ltd. in the international market. He was made the Chief Accountant and, later, a Director. Dick's parents settled first in a flat in Lee (SE3) and then in a house in Lewisham (SE13). While there, they had two boys, of whom Dick was the elder; Richard Evelyn Donohue Bishop (born 1 January 1925) and Humphrey John Donohue Bishop (born 7 October 1927). Both children were taken back to St Thomas's, Old Portsmouth, to be christened, though the church was transformed into a cathedral between the two christenings. In 1929 the family moved to what was then the very edge of London, to a house in Catford (SE6).
At first sight it would seem that the family was just like hundreds of thousands of others. Dick's father left the house at the same time every day (except Sunday) and returned at the same time every evening (though Saturday was a half day). But that picture of dull routine is deceptive. Both parents were musicians; his father played the piano, the organ (of St Andrew's, Catford), the violin and the viola -he even organized a string quartet -while his mother played the piano and sang. Both were good tennis players. Norman Bishop was a fine chess player, he enjoyed driving, was good at carpentry, and like many of his contemporaries he built 'crystal sets'. He regarded the week's routine merely as a means of getting on with living. Dick's mother played an active part in church affairs, notably in the Mothers' Union, and she had a talent for writing and delivering biographical lectures.
At the outbreak of World War II in 1939, along with many other firms, Tar Residuals evacuated its offices from Central London and moved to Reigate in Surrey. There Norman Bishop lived pretty well alone throughout the war and, in spite of heavy commitments (both with the Company and as a sergeant in the Home Guard) he had time on his hands and his interests turned to scholarly pursuits. He had never attended a university and his only paper qualification was a hard-won London 'matric.' Working entirely by himself he prepared for, and successfully took, the examination for the London external degree of Bachelor of Commerce. Still working alone, he then obtained an External London Ph.D. in 1944. At the time, his sons, who were living mostly in Wales, had no idea that their father was engaged in what must have been a huge spare-time undertaking.
The local church had always been a major preoccupation of Dick's parents and gradually its claims on his father became such that he became first a lay-reader and then an ordained priest in the Church of England, and joined the staff of Southwark Cathedral. He eventually became the Rector of St Thomas's, Charlton (SE7), where he suffered a stroke while still in office. He died in Greenwich in 1968. Dick's mother seemed to have been perfectly adapted to the role of rector's wife. She was a natural binder-up of wounds and a very perceptive woman whose outstanding characteristic was gentleness. Anecdotal evidence suggests that the parishioners were slightly in awe of the Rev. Dr Bishop but they adored his wife. When she was first widowed she lived with her son, Humphrey, who had never married, but even tually she moved back to Portsmouth where she died in 1971.
E a r l y y e a r s
It was in 1930 that Dick went to the Torridon Road Infant School, an LCC establishment. A couple of years later, he was moved to Claremont College, a private school, where he was prepared for entry to one of the south-east London grammar/secondary schools. The college was run by 'Gordon Lyall, MA (Hons)' who, with but two assistants, ran an extraordinarily thriving establishment. It was in 1936 that Dick sat the entrance examination for the then Roan School for Boys in Greenwich. The Roan School was founded by John Roan, an officer in the service of King Charles I, and was originally known as the Greycoat School. By 1929 it had moved to fine new premises at the top of Maze Hill, on the edge of Blackheath. Dick entered Form III in 1936 where he was put in the 'German' stream; i.e. he was to take German and French and not Latin and French or French and more French.
The journey from Catford to Greenwich was quite long. Eventually Dick acquired a bicycle which helped considerably and allowed him to escape a tedious journey on the bus. The playing fields were in Kidbrooke and so they too demanded a certain amount of travel ling; they gradually became his main interest. In those days it was still not all that usual to go on to a university and he certainly had no great ambition to do so. The teaching was superb and he found that examinations were no problem, so he could stay in the first three or four in the form (seldom top!) while giving most of his attention to soccer, cricket and athletics. And so things went until the outbreak of war in 1939.
Dick and Humphrey were regularly shipped to Portsmouth for their holidays -Humphrey to Old Portsmouth and Dick to Southsea -where they stayed with their grandparents. For Dick, Southsea was far too antiseptic, with its concern for the niceties. He escaped to Old Portsmouth as often as he could, to the foundry, to the ramparts, to the boatyards, to the war ships going through the narrow harbour mouth -to life. So it came about that, by the time he was in his early 'teens he was quite familiar with the geography and waters of the old port, with the techniques of the foundry and fitting shop and could also row, skull, sail and swim. Old Portsmouth became a sort of second home, to which he later returned.
T h e w a r y e a r s When World War II broke out Dick was 14 and things began to happen. The Roan School for Boys was evacuated first to Ticehurst in Sussex, then to Bexhill-on-Sea and then to Ammanford in Carmarthenshire (now Dyfed). A number of boys did not go, some masters were called up, so the Roan became a smaller, more close-knit school. In Wales, he found himself billeted first with a tough former colliery manager named Jefferies who was a formi dable occupant of the big seat in one of the local chapels, and then with a family named George in the village of Betws. Both families were kindness itself and instilled in Dick a love of South Wales that never faded.
Within two years he had specialized to seven subjects and taken the General Schools Certificate, achieving 4 distinctions and 3 credits. This conferred exemption from London Matriculation. At 16 he was still too young to join up so he embarked on the London Higher School Certificate which he sat in 1943. But it was still sport (football, swimming, athletics and cricket) that claimed his main interest -that and the Air Training Corps to which all belonged. So it was that he left the Roan School in 1943 with some school prizes, some sports caps and awards, a love of Wales and a burning desire to join the Royal Navy. It never appeared to cross his mind that one day he might enter a university, as most of his class mates hoped to do.
On leaving school, he volunteered for the RN and entered as an Ordinary Seaman in August 1943 at the age of 18. This was under the so-called Y-scheme for selecting and training seamen officers. It was while he was under training that he received the results of his already half-forgotten examination. They were not brilliant (1 distinction, 2 credits and 1 pass) but they had two profound effects.
The first was that the naval authorities were moved by the results (which they could not fail to learn because the details were sent by telegram to the training establishment at Torpoint) to subject Dick to a series of psychology tests. These tests indicated in some arcane manner that perhaps Ordinary Seaman Bishop would make an engineer in the Fleet Air Arm! The Navy must have been desperately short of aircraft engineers because Dick soon found himself on a long course which included spells on Whale Island (to learn disci pline), in Loughborough College, the RN Engineering College, Manadon (where he was the Senior Midshipman of A 14 Course) and in one or two other places besides. And just as he had found his boyhood experience of boats helpful when being trained as a seaman, so Robert Wood and Son's foundry and finishing shop stood him in very good stead during his engineering training. It was mid-1944 when he finally emerged with a First Class Certificate of Competency as an Air Engineering Officer and was posted to a squadron. So far as the war at sea was concerned, all that can be said is that Dick did try! To be sure, he did go to sea in the pay of the Grey Funnel Line, but not for long.
The other unexpected effect of the Higher Certificate results was one whose significance he did not really comprehend at the time. It is that he got exemption from 'Inter B.Sc.' No doubt it was very nice but it conveyed nothing to him then.
There is little of a warlike nature to relate about his wartime experiences in the Navy or the ships in which Dick served. Experience on the lower deck, as a midshipman (particu larly) and in the wardroom had a profound influence on him. Sub. Lt. (AE) Bishop RNVR left the Navy in 1946 with considerable respect and affection for the Service, despite some of its funny ways.
U n iv e r s it y e d u c a t io n
Immediately after World War II there was a flood of ex-servicemen in the universities, supported by the Further Education and Training Scheme. Having become an engineer by accident, and having acquired a great interest in technology, Dick decided to accept the offer of a place in the Mechanical Engineering Department of University College London in 1946. So commenced a three-year period of commuting from Catford to Euston, six times a week.
The ex-service undergraduates worked hard and played hard. They were an effervescent mixture of ex-fliers, former sailors, returned soldiers from a variety of regiments and theatres of war, men who had survived PoW camps, parachute jumps, beach landings . . . and all had made the important discovery that they were, after all, bom civilians. Like most of his class mates, Dick took part in sport; although the facilities were rudimentary he played soccer and won his 'colours'.
It was at UCL that the significance of that half-understood Inter B.Sc. became apparent to him. His finals would be taken after only two years, and in them he achieved the top first in every paper he took. So it was that in 1948 he knew he would eventually get a First Class Honours degree, a Diploma of UCL (with distinction) and the AP Head Medal and Prize which, incidentally, had been awarded many years previously to a man whose work he came to admire very greatly, W.J. Duncan, F.R.S.
Actually to get the degree, however, Dick had to stay on for a 'suspense' year to meet the residence requirement of London University. This meant that, with the result more or less in the bag, he could apply for a fellowship to study in MIT or Stanford University. Dick tried for two; the Commonwealth Fund Fellowship (now called the Harkness Fellowship) and the then newly introduced Rotary Foundation Fellowship. He was offered both. In the event, he accepted the former and declined the latter though he voluntarily fulfilled the Foundation's condition of award by making himself available to rotary clubs as a speaker at lunches in America. This gave him a glimpse of another world after war-tom Britain.
The interviewing board for the Commonwealth Fund discovered that Dick had met a WAAF while they were both on leave during the war and that they had been engaged to be married ever since Dick had entered UCL; they advised Dick to get married during the summer of 1949 and that they would then pay for his wife to accompany him to Stanford. The years 1949-51 were probably the fullest in Dick's young life. His first year in Stanford was spent getting an M.S. in Engineering Mechanics. Then Liz and he embarked on a comprehensive tour of the USA as required by the Commonwealth Fund. This was under taken in an Austin A40 'Devon' named Baloo and there were several occasions when they failed to convince amused Yankees on the East Coast that the little California-registered car had actually been driven and not carried from the West Coast; Baloo's mammoth journey was actually used by a car dealer in Redwood City in radio advertisements. Now Dick had again taken up soccer in that first year and so rejoined the 'squad' in the fall of 1950. Shortly afterwards he broke his right leg during a match and was told that, with plaster up to his middle, he would be chair-bound for months. Having already embarked on research into stress-wave propagation under the supervision of Professors S.P. Timoshenko, For. Mem. R.S., and J.N. Goodier, he now had rather little option but to concentrate and, moreover, to stick to the theoretical side. Norman Goodier was himself a Commonwealth Fund Fellow in the 1920s; he was Timoshenko's son-in-law and Dick learned much from him since he certainly lived up to his reputation as a really superb teacher. Accordingly, Dick completed a thesis entitled The Analysis o f Elastic Wave Propagation under the direct super vision of Goodier in six or seven months; these early studies clearly suggested that Dick would have become an authority in applied mechanics and wave motion if he had remained in this field.
The Stanford authorities decided Dick was a 'veteran' allowing his London suspense year to be counted as part of the Stanford residence requirement, too. He owed much to that Inter-B.Sc. exemption. Dick left Stanford in 1951 with the M.S. and Ph.D. degrees, a Stanford 'letter' for soccer, an almost healed fracture, and, with Liz, a love and some knowledge of the States -and a small car with a funny name and left-hand drive.
T h e b e g in n in g s o f a c a r e e r
Having come out of the RN with an engineering qualification Dick had been able to take on part-time jobs in the evenings and during the vacations while he was an undergraduate. Such was the work in the MOS, it was necessary to 'switch off as one left the establish ment and not switch on again until re-entry the next day. This was obviously not going to last and Dick began to extend his Stanford studies by working on them in his spare time. Having completed an investigation of his own, and never having published a thing in his life, he timidly sent what he had done to the late Prof. W.J. Duncan (later F.R.S.), since Timoshenko had mentioned to Dick that Duncan was a man whose work commanded respect. After a while Dick received a long and detailed letter, with many helpful suggestions and gentle crit icisms, from Duncan, a man for whom Dick had great respect but was not to meet until years later. His was an act of profound kindness and it had the effect of finally convincing Dick that he should try to become a university teacher himself. Cambridge was advertising for teaching staff in Engineering so he applied and was accepted.
Dick found the Cambridge University Engineering Laboratory under Prof. J.F. Baker (later Lord Baker, F.R.S.) a wonderfully refreshing and stimulating place. There were very remarkable young men on Baker's staff -many future professors, several future Fellows of the Royal Society, some future vice-chancellors and even a future Chairman of the University Grants Committee. Dick did not agree with all of Baker's policies, but there was no denying his talent for academic leadership or his ability to procure very high academic standards indeed. The CUEL was like a new world to Dick.
Although most members of the teaching staff in the CUEL were attached, more or less, to an established research group of some size, Dick found one lecturer who worked by himself in the general field of oscillatory dynamics. This was Mr (later Professor) D.C. Johnson, a shy, quiet and formidably scholarly man who had worked during the war on aero-engines with Rolls-Royce. He believed that W.J. Duncan's work on 'mechanical admittances' (Aeronautics Research and Memorandum 2000, 1946) could be developed in several ways, and through him Dick became convinced that Duncan's techniques could be made to provide an elegant and useful approach to any problem of linear dynamics. Johnson had a profound influence on the future research interests of Dick, fostering his life-long fascination with engineering and vibration, rather than applied mechanics and wave motions. The two col leagues worked closely in that field for most of Dick's five years in Cambridge. They wrote individually and as a duet, writing articles and a couple of joint books based on Duncan's seminal work. Johnson's untimely death in 1969 not only deprived Dick of a great friend and confidant but robbed this country of a truly accomplished research engineer. Much of their work together was published in The Mechanics of Vibration, 1960 . This book remains much quoted and used to this day. Although published after Dick had left Cambridge it provides a compendium of his early research work and marks his emergence as a major figure in the development of vibration theory. It demonstrates his ability as a communicator, explaining complex theory clearly in readily understandable terms acceptable to his fellow engineers. To do so, fundamental principles had to be properly explained and clearly illustrated through analysis so that the influence of the assumptions adopted in the theory could be fully under stood and the limitations of the theory fully espoused. To many engineers at the time (and even some today), this approach appeared far too theoretical but Dick firmly believed that progress in engineering could only be achieved with confidence if there existed a strong engineering science base built on fundamental principles, analysis and method.
Although concepts such as dynamic flexibility, mechanical admittance, Green's function or frequency response function had already been discussed in the literature, Dick coined the word 'receptance' to avoid confusion with electrical terminology. He argued that the receptances of the system conveyed measures of the readiness of the system to respond to har monic excitation and therefore they were of physical significance. Throughout his vibration-studies Dick remained steadfast to the ideas of receptance theory and receptances for they allowed complicated systems to be broken down into simpler identities for the pur pose of vibration analysis. These parts could then be examined separately either theoretically or experimentally (or both) and then combined in a reasoned scientific way to provide a description of the dynamical behaviour of the whole system. On reflection, the ideas formu lated during this phase of his research career of relating all complexities back to fundamen tals or identities of a size easily handled are a hallmark of Dick's career as a research engineer, a practical engineer, a teacher and as an academic administrator.
As a non-Oxbridge entrant to Cambridge in 1952, Dick was adopted as a Member and M.A. of Jesus College and was admitted as a Fellow of Pembroke College in 1954. In 1955 he was made a University Lecturer and so would no longer carry the somewhat misleading title of University Demonstrator. As a regular player of cricket, a thoroughly contented 'col lege man' and a consultant to a few large firms, Dick was of the firm belief after five years he would eventually retire in Cambridge and probably even be buried there! Liz and Dick's two children, Susan Julia (bom 1954) and John Richard (born 1957) arrived and the family even built a house in Porson Road. Then the unexpected happened.
The early years
The Kennedy Professor of Mechanical Engineering in UCL during Dick's student days had been G.T.R. Hill (of Westland-Hill pterodactyl fame). He was followed by the Reader, Dr (later Professor) B.J. Lloyd-Evans, who was venerated by the students and was the glue sticking the department together in the late 1940s. Lloyd-Evans retired in 1957 and Dick was invited to take over the department from which he had graduated only eight years previously. This invitation, so early in his academic career, astonished Dick, but he was greatly honoured and accepted the prestigious Professorship and headship of the department. With somewhat antiquated laboratories, a semi-derelict workshop shared with another department, and an academic staff of only five, the department was not without its problems. Indeed, the small ness of the teaching staff had virtually ensured that little or no research had been published for the 20 years since E.G. Coker, F.R.S., had retired before the war. Life in Euston promised not to be as comfortable as it was in Cambridge. During his early years as head of depart ment, relationships in the faculty were not always amicable and at times there existed open conflict as 'that new upstart, Bishop' strove to improve the academic standing of his depart ment. In the event, Dick occupied the Kennedy Chair for 24 years, from 1957 to 1981, and in fact declined to move back to Cambridge when he was actually appointed to Baker's chair in 1968 because the Faculty Board was unwilling to implement an agreement that the electors had made with him.
Much of Dick's effort during the first 10 years was devoted to strengthening the UCL department. The department moved to fine new buildings and it became possible to re-equip the laboratories and workshops. The staff was increased, syllabuses were overhauled, research was started. All in all, huge changes were made to the teaching and research culture. Towards the end of this initial period, Dick's family moved to Old Portsmouth and he began to commute from there to Euston; the rather long rail journey that this involved gave him time to think and read.
In his Inaugural Lecture in 1958, Dick set out his stall by describing his thinking as an applied mechanist in engineering and the mission he proposed to follow in both research and teaching during his leadership of the department. Simply, a university department must place emphasis on principles and methods leaving to others the necessity to impart information and to place stress on results. Failing to do this, the department ceases to serve its students or the long-term interests of industry, and it is open to the mistaken accusation that engineering is not a university subject because it lacks academic rigour.
As the head of a university department of engineering, Dick tried to encourage curiositydriven basic research and problem-driven applied research. The speculative studies increased the range and sharpness of the tools that could be brought to bear in the harsh reality of prac tical engineering. He saw engineering as an intellectual discipline on the same level as math ematics and physics, though fundamentally different in its aims from both. For Dick, solving a problem was more than a mathematical exercise though this brought him much personal delight when successful. The derivation of the solution might require such an exercise, it could also involve experimentation and it certainly required the transfer of the solution process into engineering practice.
On his appointment, Dick started to build the research side of the department slowly and carefully. His apprenticeship in vibration theory proved to be of great value: much of his work during the next ten years resulted from this beginning. Three main areas can be high lighted: Receptance Theory and Classical Vibration Theory; Matrix Theory; and Non-con servative systems.
Receptance Theory and Classical Vibration Theory. This was a continuation of the work started in Cambridge with further developments and exploitation of linear vibration theory in terms of the theory of receptances. The problem of the vibration and balancing of rotating flexible shafts were effectively conquered by Dick in collaboration with Dr G.M.L. Gladwell and Dr A.G. Parkinson (both later Professors). This was an enormous task and they provided a rigorous theoretical solution to a very practical problem.
In the early 1950s, generator rotors were balanced using balancing machines applying the traditional methods of cancelling out static and dynamic unbalance by the attachment of masses. Occasionally a rotor proved difficult, and the longer the rotor, the more difficult it tended to be. Because the method in use implicitly assumed that the motor was rigid -or the lowest natural frequency of bending vibration was much greater than the maximum speed of rotation -this traditional technique was hopelessly inadequate. Moreover, with electricity generating plants being built with bigger and bigger units it implied that generators were becoming longer and longer, because to make them fatter would take stresses beyond what steel forgings could withstand. This meant that natural frequencies of flexural vibration, and hence critical speeds, reduced, falling into the running up speed.
No generator rotor can be perfectly straight, nor can perfect balance be achieved. A gener ator whirls at each critical speed as it runs up, passing through three or four criticals. Therefore, at each critical speed there is the possibility of vibration caused by the lack of complete axial symmetry of the rotor, but there is no means of knowing a priori how the unbalance is distributed along the span. This vibration has to be very strictly limited because, if excessive, it can tear the machine out of the ground.
Bishop and colleagues argued that if unbalance was to be found the vibration caused by it must be allowed to occur, though it would have to be in a mild form and under complete con trol. Existing theory was found to be too highly idealized with the rotor regarded as one or more massive discs mounted on a light shaft in the manner proposed by Jeffcott. To over come this deficiency, they formulated a more realistic theory of shaft vibration in which the unavoidable manufacturing defects could have any unknown distribution along the span of the rotor, with the shaft supported on flexible mounts.
They describe their theoretical findings and experimental verification in a series of papers which did not find favour with all, especially the manufacturers of balancing machines and those associated with this approach. They found both a description of the vibration and a recipe for its suppression, but they were decidedly unorthodox -in true Bishop fashion. Namely, the shaft-whirling problem was explained on a modal basis and, regardless of the form taken for the unbalance, it could be thought of in terms of modal defects. The first modal defect causes whirling at the first critical speed, the second modal defect causes whirling at the second critical speed and so forth.
These modal defects can be removed by the judicious attachment of balancing masses to the shaft. The masses which nullified the first modal defect would modify the second and all higher modal defects. Then a second distribution of masses can be attached to remove the already modified second modal defect. This second distribution will modify all the other modal defects but can be chosen so as not to reintroduce a first modal defect if the orthogo nality of the modes is involved. Then the third modal defect can be removed without reintro ducing a first or a second modification, and so on.
The theoretical approach was validated through laboratory experiment in conjunction with A.G. Parkinson and K.L. Jackson. They confirmed all the theoretical predictions described by the then unorthodox approach. Thus, confidence was established in the theories of vibra tion and of balancing and the team persuaded their friends in industry to try the balancing technique. At first this proved more difficult than expected but after the necessary retraining of personnel, success was achieved. For several years afterwards Dick retained an active interest in rotor dynamics through the theoretical work of A.G. Parkinson and I. Fawzy (later Professor) . Today, rotor dynamics is a mature field of engineering dynamics and the contri butions of Dick and colleagues form a cornerstone in its development.
Dick's interests in vibration theory were varied. It was during this period that papers appeared describing extensive investigations into the theory of resonance testing, on transient testing, on the receptances of flat plates and into the oscillatory behaviour of high-speed trains -the latter being of practical significance because in 1958 high speed trains were giving real cause for anxiety. They oscillated so violently that serious questions of safety arose. It was found and confirmed experimentally (with R.P. Brann) that the unwanted motions were probably due to dynamic instability and, to this extent, were not unlike flutter of aircraft. In all these studies, Dick's hallmark of individualism in thinking and vision were demonstrated; experiments were performed to substantiate the mathematical modelling and the principle which characterized much of his work executed. Namely, the criterion of suc cess in applied mechanics is one of adequacy, not of exactitude. A complicated theory with some pretensions to refinement may be far less useful than a simple theory which is, frankly, approximate.
Matrix Theory. It was evident to Dick that the electronic computer would place emphasis on matrix techniques and he saw the practical significance of matrices in engineering and, especially, in vibration theory. Together with Gladwell and Sidney Michaelson he wrote The Matrix Analysis o f Vibration in 1965. This text is noted for the great effort made by the authors to describe in detail complex matrix algebra in understandable language and to transfer the theoretical arguments into practical engineering terms through well-worked numerical examples.
Non-conservative Systems. Although much of classical vibration theory deals with the analysis of conservative systems, Dick with his then research students (R.P. Brann, A.Y. Hassan and I. Fawzy) conducted studies into the dynamical behaviour of non-conservative systems. He was convinced that such studies would eventually open up into a worthwhile field of study in its own right. This proved to be true in the subject of hydroelasticity theory developed later by Dick and myself.
Maritime technology
By 1967, after Dick's enthusiastic and focused drive to improve the standing of his department, his enthusiasm to continue with his existing lines of research began to wane. He began looking for new avenues of interest and an exciting opportunity arose from an unex pected source, namely the Ministry of Defence. This opportunity allowed him to implement a significant change in the direction and fortunes of the department. The department had increased in size (both in staff and students), it had acquired new laboratories, and research activity was now the norm. To Dick, it seemed strong enough to take on a really big chal lenge. He therefore persuaded his colleagues to start working on the technology of rough seas and this became his dominant interest for the remainder of his life. It married his early love of the sea, fostered by his visits to Old Portsmouth as a boy, his time as an Ordinary Seaman, and his love of sailing, and it provided him with a demanding technological chal lenge.
In the mid to late 1960s, the offshore oil and gas industry was beginning to find that the further north one went in the North Sea, the greater were the problems, yet universities were still doing nothing to solve them. The means of getting deeply involved in maritime tech nology presented itself to Dick when Sir Alfred Simms (then Head of the Royal Corps of Naval Constructors) sought a new academic home for the RCNC, since teaching of the Corps at Royal Naval College, Greenwich, was to terminate. They persuaded the Admiralty Board, the MOD, the College Authorities and their colleagues, of the academic benefits of transfer ring the Corps to UCL and so, in 1968, maritime engineering became an integral activity within the department. However, apart from Sir Alfred and Dick, the initial enthusiasm of members of both bodies was luke warm (even hostile), but all recognized the challenge. With staff seconded from the Corps to UCL -members of the department coerced into this new venture -Dick tackled this challenge with vigour and enthusiasm. A year or two later, the appointment of two research assistants, Dr Eatock Taylor (later Professor R. Eatock Taylor, F. Eng.) and myself, both funded by MOD and assigned to undertake research work with Dick on structures and ship dynamics, further strengthened his team. He became totally engrossed in the teaching of naval architecture. New lectures were written and all in the department were encouraged to conduct research on high-performance ships and offshore structures. This also led to the setting up of the UK's first course wholly devoted to offshore technology, by J.R. Pendered with the support of Professor L.J. Rydill, O.B.E., R.C.N.C., F.Eng., and the Shell Company. When Pendered left the University for industry, Eatock Taylor took over the leadership of the offshore marine technology course.
It was just after Dick had taken the RCNC into the department that the electors invited him to consider the Cambridge Chair previously held by Lord Baker. At this juncture, it would not do just to walk out on the newly created set-up, but another round of discussions gained agreement with the notion of a tripartite arrangement involving Cambridge, UCL and the RCNC. The electors thought this a good idea, but unfortunately the Faculty Board did not. Dick's election to this prestigious chair was announced in The Times but, because of the opposition to his proposal, Dick declined the invitation of the electors and resigned without ever taking up the professorial appointment. It was because of his total commitment to the RCNC that Dick remained in UCL.
So it came about that Dick's second ten years in UCL were devoted largely to matters maritime. So far as research goes this meant making radical changes in traditional naval architecture -a subject which had become, and still remains, heavily baroque. Naval archi tecture can be based rationally on structural dynamics, naval hydrodynamics, physical oceanography, statistics and computer science instead of rules of thumb.
Engineering is not always just the application of scientific knowledge. Sometimes it demands the extension of scientific knowledge or, if this is not possible, it may require the performance of acts of faith in the absence of adequate scientific understanding. Science is often capable of telling the engineer what not to do rather than what he should do. For these reasons the engineer often draws up and follows empirical rules which are based on as much science as is available. These rules are refined by a continuous process of trial and error.
In some branches of engineering, such a general approach is quite inescapable. Unfortunately the engineer is liable to become a captive of these self-created rules because of the demands of work and will not waste time worrying about the rights and wrongs of the guiding principles. In other words a 'science' is created on refining or improving the rules rather than on principles, with the result that rules are used out of context or are ill-founded. Dick saw such a situation in naval architecture.
For the remainder of his life, his research focused on many aspects of ship dynamics, driven by a burning ambition to rid naval architecture of its semi-empirical tendencies and prescriptive rule-based practices. His aim was to replace them, as far as possible, with a com prehensive, logical, scientific approach based on the fundamental principles of fluid mechanics and solid mechanics. The motivation for such changes was fuelled by the way ship hull-stressing is treated by naval architects. For example, the history of research in hull stressing started with the simple notion that a hull should be stressed as if it is balanced on lumps or heaps of water at the bow and stem, and then on a heap of water amidships. This idea was introduced in the 1870s as an approach to ship strength and, although modifications and variations have since been conceived, it remains to this day the basis of the underlying philosophy adopted in estimating the hull stress levels for design purposes. That is, ship strength is described in deterministic quasi-static terms even though a glance at the ocean surface reveals a continuously changing surface with time and a ship travelling in such a seaway would experience dynamic wave loads and hence dynamic stresses, which are better described in probabilistic terms or as time records. Furthermore, the traditional approach is concerned magnitudes of response only, whereas the dynamic approach describing the behaviour of the flexible marine structure introduces the additional notions of natural fre quency, resonance frequency, ship-wave matching, etc., as well as statistical estimates of the response magnitudes.
Dick questioned the fundamentals of naval architecture from the viewpoint of a dynamicist and the professionalism of the naval architect in the context of an educator steeped in the fundamental principles of engineering mechanics.
When the RCNC teaching was transferred to UCL, Dick took the lead to overhaul the course and to introduce new subject material. Principally with the aid of the late Dr W.K. Allen, a series of printed undergraduate lecture notes were produced. But sadly, because of a violent disagreement with Allen, these notes were never published in book form. However, after several rewrites, they eventually formed the basis of an undergraduate text on Marine Vehicles and Structures in Waves (1982) , co-authored by Dick and B.R. Clayton (later Professor). This book again demonstrates Dick's ability as a communicator describing diffi cult concepts in a very readable manner, fully understandable to undergraduate students.
Dick was a very keen dinghy sailor and the practical challenge against sea and wind excited him. He decided that the students studying naval architecture and the staff of the department should have the opportunity of similar experiences. Funds were found by Dick and the department bought a Nicholson 32 ocean-going yacht. This 'ocean-going laboratory' was greatly enjoyed by Dick and he was always in his element when on board. Although comments were made and eyebrows raised about such a purchase, it did serve its purpose. Namely, it brought those who were studying naval architecture directly into contact with the sea. The future naval designers could have first-hand experience of what it was like to exist in a storm sea and it is true to say that many students and staff just enjoyed the opportunity to sail a large yacht -an experience not open to all.
Although the wellbeing and education of the young was very close to Dick's heart, research played a major role in his academic life. At the time of the transfer of the RCNC to UCL, the Head of the Corps was particularly concerned about naval hydrodynamics, and Dick, together with A.G. Parkinson, R.K. Burcher (RCNC, later Professor R.K. Burcher, F. Eng.) and myself, began to think about fluid actions on ship hulls. Although at first we con formed with the established naval architecture way of specifying fluid actions on a manoeu vring ship in calm water through slow motion derivatives, it quickly became obvious that, because of dynamic and free surface effects, the shortcomings of an elementary derivative representation can be remedied by oscillatory testing of ship models, using a planar motion mechanism (PMM). It was shown that data obtained by application of a PMM can be employed in a far more useful way than was then realized, so that the considerable effects of fluid flow history could be allowed for. The ideas developed at this time into the representa tion of oscillatory fluid actions were later used to develop theories to establish reliable cri teria describing the stability of a ship underway in heavy seas. For example, with the assis tance of Dr P. Temarel, it was demonstrated that a trawler with a square transom stem is more liable to capsize in waves than one with a round stern and reasons were proposed why a following sea is so much more dangerous than a head sea.
It was not naval hydrodynamics, however, but ship hydroelasticity, which occupied most of Dick's time in the 1970s and onwards. The early studies into naval hydrodynamics led us to study gravity waves and, because of the nature of the seaway, led us into random process theory. It was then only a short step to take to study bodily motions of ships excited by reg ular waves or irregular seaways. A result of this was the writing of Probabilistic Theory of Ship Dynamics (1974) by Dick and myself. This research monograph describes a mathemat ical approach based on probabilistic theory to describe the behaviour of a ship or marine structure excited by random seas.
To Dick, bodily motions implied that the ship is assumed rigid. This expresses indirectly that the structure experiences no strains and hence no stresses. However, from his previous vibration researches he was fully aware that ships like all other structures were flexible in form; they distort and, because of the unsteady excitation created by the seaway, must be excited in a random fashion. To an expert vibration-analyst like Dick it was difficult to understand why bodily responses and distortion responses to waves should be treated sepa rately. He then sought answers to simple questions such as 'Can resonance of the ship struc ture be brought about by waves?' and 'Could it not be that, if 'narrow band resonance' occurs when a hull encounters a confused sea, it dominates the whole problem of ship strength by reason of possible fatigue?' At the time these were challenging questions for the naval architecture profession since they strike at the very roots of the rules and thinking which dominated naval architecture.
Dick thought it important to try to convert this side of naval architecture from a field in which empirical rules of statics are used, or the arbitrary assumption of hull rigidity is made, to one where wave response is considered a matter of structural dynamics. Early work with Eatock Taylor and K.L. Jackson suggested that a truly dynamical approach to ship response would be mathematically complicated, the difficulties being largely of a bookkeeping variety, although conceptual problems remained. By my making a simple suggestion con cerning the coordinates to be employed to describe ship response, our 20 years of intense (daily) collaboration really took off and the present theory of ship hydroelasticity began to take shape. At first, many were very sceptical of the benefits of basing a theory on an idea involving the attraction of dry modes or the principal modes a ship would possess if it were vibrating in outer space. Historically, the ship and fluid had been seen as an integral combi nation, but now the surrounding fluid was simply considered an external force. Thus began an extensive study programme into the behaviour of flexible ship structures travelling in a seaway, now treated as a non-conservative, fluid-structure dynamic interacting system. The principal coordinates of the dry hull have since repeatedly demonstrated their superiority by simplifying the theory enormously for both linear and non-linear studies.
Much of the research undertaken during this very exciting and stimulating period is described in the research monograph, Hydroelasticity o f Ships (1979) . By treating the ship or offshore structure as an elastic body able to move bodily and to distort, the theory provides a means of describing the bodily and distortion responses of a flexible structure to sinusoidal, random, and/or transient excitations. Hydroelasticity theory is based on the set of principal coordinates of the dry structure with six coordinates describing the rigid body motions and as many coordinates as necessary describing the symmetric (vertical bending) and antisym metric (horizontal bending and twisting) responses. The traditional seakeeping theory (i.e. bodily responses only) is now seen as the study of a subset of principle coordinates within the hydroelasticity theory framework. Many of the man-made divisions between seakeeping and structural dynamics are now swept away and the theory describing the dynamical behav iour of structures in waves placed on a rational and rigorous theoretical footing.
The help of many postgraduate students allowed wide ranging and comprehensive studies into the dynamics of fluid-structure interactions to be undertaken. These investigations involved symmetric responses, antisymmetric responses and transient loadings caused by slamming impact whilst the ship travels in a seaway. Such studies produced much greater insights into the dynamic mechanisms arising in marine structure-wave interactions and into our understanding of the dynamical behaviour of the ship, the type of loadings experienced and their effects on the structure. This is clearly seen in the paper 'A theory on the loss of m.v. Derbyshire', which was read in October 1990 to the Royal Institution of Naval Architects, after Dick's death. In many ways this paper, written in collaboration with our col league Dr P. Temarel, produced the theoretical evidence highlighting the increased risk of structural failure of large and heavy ships to wave-loadings, that Dick and I had warned about in the 1970s. The Derbyshire, a bulk carrier, was the largest British registered ship lost at sea.
The development of hydroelasticity theory took a major step forward when Wu Yousheng (now Professor, Director, and Fellow of the Chinese Academy of Engineering), from The China Ship Scientific Centre, Wuxi, Peoples' Republic of China, came to study with us in the early 1980s. The theory was extended to describe the three-dimensional nature of the fluid-structure interaction problem, treating the structure as a three-dimensional flexible body, and the flow around this flexing body in a three-dimensional manner. This allowed the theory to be applied to bodies of more arbitrary shape (semi-submersibles, multi-hulled ves sels, etc.) and to simulate the dynamical behaviour of such structures subject to different types of excitation.
Although Dick's contributions to maritime technology are significant and distinguished by their scholarship and academic excellence, perhaps his greatest gift to naval architecture was his ability to question in a creative way the fundamental principles, methods and analyses on which the subject is based and how these are translated into engineering practices. Many of the prophecies of the 1970s into the increased risks of structural failure of long, heavy ships, have come true, but it is sad that at that time many in authority saw him as a difficult man questioning their professional competence and ability rather than as a man of vision with enormous ability and drive, trying (and succeeding) to improve our understanding of the underlying physics of the behaviour of structures excited by a seaway.
Research Professorship
Having guided the Department of Mechanical Engineering in making many large changes Dick suggested that he should relinquish its headship after 20 years' tenure and move to another department. After discreet discussions, it was agreed that he should retain the Kennedy Chair but as a Research Professor, and the Department financially supported his research activities by earmarking a part of its grant for his use. This arrangement worked quite well from 1977 onwards. But, at the Provost's request, Dick agreed to continue his involvement in administrative duties in UCL as a whole. The point was that in his 20 years he had sat on pretty well every major committee in the College and knew almost everyone in the place. In particular, for some years he had chaired a small group charged with recom mending the departmental grants and its suggestions had been accepted with little or no chal lenge.
Much happened to Dick during his 24 years in UCL. The Christmas Lectures for children at the Royal Institution in 1962 were a real challenge; he served for two years on the Council of the IMechE; he was the first President of the British Acoustical Society; he chaired a com mittee of the Aeronautical Research Council; he sat on the Defence Scientific Advisory Council and its subordinate bodies from their inception; he was an active member of the Greenwich Forum; and in 1976 we set up the consulting engineering company Bishop Price and Partners Ltd. The essential fact is that most of his academic career was spent in UCL and although it is a very exciting place within, it is also outward looking. It is a College of which Dick remained very fond.
B runel U niv ersity
In 1981, Dick was invited by the Council of Brunei University to be their Vice-Chancellor and Principal. Many were greatly surprised by this appointment. He was leaving UCL for a new university which proclaimed a different type of education to the traditional one he had always experienced.
Brunei was founded in 1966 and all the first degree courses run on the thin sandwich pat tern. In each of the first three years of a four-year course, students spend the summer term, and much of the vacation, working outside in industry, commerce, or in other organizations which provide experience relevant to their disciplines. Dick had no first-hand experience of this system and he was suspicious of its merits. After arriving, one of his earliest actions was to institute an extensive review of the thin sandwich mode of education. The outcome of his intervention was not a change in policy but a tightening of its execution. He came to defend the thin sandwich education provided by Brunei -not as something of universal benefit to all but as a valuable diversity within higher education. The sandwich course appealed to many students and was attractive to employers looking for applicants with experience of the work place. With an education structure that brings early contact between potential employees and employers, the high proportion of students offered employment on graduation provides a measure of its effectiveness. Dick followed these statistics closely and was heartened by Brunei consistently coming high in the employment league.
Dick arrived at Brunei at the same time the Government was introducing its first policy to shake the universities out of expectations entrenched over quiet years. Like many other uni versities, the effect of this upon Brunei was necessarily a major preoccupation, but for Dick the policy was not anathema, partly because he had seen for himself during his years in Stanford the greater independence from central authority brought by private funding. Sadly, this kind of detachment became somewhat worn as the imposition of change after change in government policy commandeered more and more effort. His early years at Brunei were very challenging and at times very stressful but throughout this period of turmoil the guiding pur pose of Dick's guardianship was academic excellence.
Dick held several convictions consistently throughout his leadership of the University. Firstly, that the academic staff is the instrument for excellence in all things academic; sec ondly, the academic and administrative structure of the University should be designed to minimize the time it diverts from academic work; thirdly, the successful should receive the full rewards of their success; and finally, the finances of the University should remain firmly in the black. There is nothing startling about these convictions, but what was distinctive was Dick's ability to relate all complexities back to these fundamentals.
His Chairmanship of Senate was backed by meticulous preparation and closely argued recommendations. He brought his well-honed skills developed through a successful research training into administration. There was very limited room in his Senate for the self-seeking and discursive. Business was completed with remarkable speed with little or no time spent on the niceties of life. He had, of course, to carry Senate with him in his determination to change radically the structure of Brunei. It was a testing task carried through with thought, skill and with the support of those academics seeking a more fulfilling life within a dynamic university environment. Its effect was to reorganize the 21-department University into a 14-department, 4-faculty structure. Furthermore, a great deal of devolution to faculties was established, which brought the benefits of a less cluttered centre, and of more decisions being made by those who should know and who would gain or lose by their consequences. Very hard and difficult battles were fought for he had firm ideas about what was academically worthy. He expected contention but fought determinedly, and at times doggedly, for what he believed to be right for Brunei. He inherited a Department of Building Technology which, in his view, was insufficiently academic. It was closed. He also found an insufficient base of engineering science and mathematics in the Craft and Design Technology course run by the Department of Education. He strongly believed that, in schools, CDT deserved the same intellectual esteem as science and mathematics, and for this to come about, the craft side could not be allowed to swamp the intellectual. The number of entrants into the course dwin dled, but beside it a course in Industrial Design was developed which had the desired level of intellectual content. Dick saw this course flourish and today would have been proud of its success.
Dick introduced a completely new model for the resourcing of the academic work of the University. Its purpose was to drive home the truth that success and survival depend upon individual effort. There was neither a magic formula nor a hidden pot of gold which could be conjured up to provide a rescue lifeline. The ideal was that the academic costs of depart ments, including the actual costs of employment of all departmental staff, and the money for academic development, would come from two sources: a payment from the centre for stu dents who were being taught and supervised, and the return to faculties of the bulk of their incomes earned from research grants and contracts. Today, this concept of dual funding is common place in universities, but in the early 1980s it was revolutionary and it was difficult for academics to accept readily. The application of this approach would have brought imme diate hardship and even sudden death to some departments within the University and factors which Dick liked to deride as fiddle factors had to be used to produce a livable state of affairs. But his chaffing at these fiddle factors was a powerful bias which moved the actual resourcing substantially closer to the ideal, and most certainly delivered the message of self help even though to some it was a difficult lesson to accept.
Dick was determined that the University should budget conservatively, and in each year of his Vice-Chancellorship the year ended in a financial surplus. It was held by some senior academics that a policy which ended in a significant surplus kept academic development in check unnecessarily. That may be, but the effect of the policy was the accumulation of a cap ital sum producing an income from interest which made a very significant contribution to the recurrent income of the University. This provided a means of making new academic appoint ments and allowed limited growth independent of central authority.
With a single exception, Dick chaired every appointment board for the recruitment of aca demic staff and did not hesitate to recommend that the search should start afresh if he found no applicant who met the exacting standards he set. He was remarkably resistant to the cries of impending collapse which frequently followed. He welcomed the move towards annual reviews of staff performance because they brought difficulties into the open. Brunei was a leader in institituting an annual review procedure for all ranks of academic staff including its Vice-Chancellor and Principal.
Due to the severity of the reduced financial support (i.e. a 24% cut) imposed by Government, as Vice-Chancellor Dick was forced to review the staffing levels in Brunei and to introduce a policy to reduce numbers through voluntarily redundancies. This he did not find easy and it caused him much personal conflict. To act quickly, he required the majority support of the Council of the University. This he had. Dick achieved his planned numbers and financial targets but, sadly, to some he was only seen as an earnest and isolated indi vidual who at times was a forbidding and perhaps ruthless figurehead. Perhaps it was in the nature of things but it was a pity that more people did not see the other side of his character. Namely, a man of fun and wit who loved laughter; a man who loved music from opera to classics to Gilbert and Sullivan; a person who cultivated lasting friendships with people in many different countries and spent time understanding and analysing cultural differences; a person who encouraged other people's research. Those who worked closely with him knew of these attributes as well as the immense kindness he could show -sometimes without them ever knowing.
From his love of music he brought a spur to the musical life of the University. His encour agements were many and included the institution of music bursaries to allow those with musical accomplishment to continue with their music. Dick believed that to know other peo ples and cultures was a worthy quest in itself, and he actively sought links with other Universities. Financial exigency had curtailed the teaching of modem languages at Brunei but he encouraged its development, and in particular its growth with relation to students going to work placements abroad. He urged the University to make a modem language an integral part of its undergraduate courses.
Under Dick's leadership Brunei changed greatly. He had confidence in its future well being. He had done much to bring into being a body of maturity which did not exist at the start of his guardianship, a body which knew it could actually make things happen and a body which believed in itself as a teaching and research organization.
A PERSONAL RECOLLECTION
It was in 1969 when I first met Professor Bishop. At the time I never realized we would have such a fruitful, exciting and professional working relationship. It all happened by chance.
One Monday morning after a weekend visit to my in-laws in Croydon, I glanced quickly through the daily newspaper before my wife, Jenny, and I started our return journey to Cardiff. My eye fell upon a small, tantalizing advertisement -'Wanted: research assistant with interests in engineering, physics, mathematics, etc.' -with a London contact telephone number. At the time I was a research fellow in the Department of Mathematics, University College Cardiff, planning a future career in the computing centre of the University. With nothing to lose, and to satisfy my own curiosity, I telephoned and found I had contacted University College London. The position advertised was in the Department of Mechanical Engineering and after the usual procedures I received a letter from the Kennedy Professor and Head of Department, Professor R.E.D. Bishop, inviting me to an interview on one of the dates suggested. I replied accepting a given date and time.
I turned up on the appointed day, reported to the Kennedy Professor's secretary (Rosemary Fowler) and immediately noted her surprise at my presence. After inviting me to sit down, she left the room and a few minutes later ushered me into a large professorial office. Like many before and since, my first encounter with Professor Bishop shook me. I saw an imposing man, of slightly above average height, with a ruddy face and soft white hair. Later I learnt that Dick's hair had turned white when he was in his early 30s. He was dressed in a sombre suit and was standing behind a large desk with his back to the window, which made him even more imposing. His voice was soft yet crisp, clear and authoritative. I was immediately questioned as to what I was doing there. I dutifully explained. I was informed that my letter had not been received and that the Professor of Naval Architecture (Professor Louis Rydill), who was in a meeting, should be present. Quickly realizing I was on to a loser, and with my back to the wall, a fight back was necessary. The position and post were never explained but the 'interview' was aggressive (on both sides), fast moving, wide ranging, enjoyable and very stimulating. In fact, although it was a big step into the unknown and a complete change in academic direction, I had decided from the experience of the after noon to accept the position of research assistant if offered. Uncharacteristically, I heard nothing for several weeks until I saw an announcement in The Times of Dick's Professorial appointment to the Department of Engineering, Cambridge University. This prompted me to contact him, and after some adverse comments from him about administrators, I was offered the post and joined Dick at UCL.
In September my lecturing duties were assigned and, starting the next month, Alec Parkinson and I were responsible for the teaching of ship dynamics on a Masters course in naval architecture. Alec gave lectures on manoeuvring and control and I was to teach proba bilistic theory of ship dynamics, which, at the time, was a topic of interest to Dick. The post graduate students were members of the Royal Corps of Naval Constructors who knew far more than me about practical ship problems since I had lived most of my life in the moun tains in the upper reaches of the Taff valley, far away from the sea and ships. The prospect of this was both awesome and challenging.
I had little idea of the distinction between boat and ship, the terminology of naval archi tecture, and so on, but a task had been set and it was expected to be done. On arriving to give my first lecture, I noticed, sitting in the middle of the front row with his pen and pad at the ready, a white-haired mature student, R.E.D. Bishop. On hindsight this baptism of fire appeared harsh and unforgiving but as a young lecturer I was extremely grateful for, and appreciative of, Dick, who was prepared to give me his time and to provide me with guid ance and training for my future career in academia.
Over the next 20 years, I came to realize that Dick never did anything by halves, always working with total commitment and immersion. He thrived on technical discussion and debate -not argument -though at times this fine distinction depended on the sensitivity of the listener! My daughters' earliest recollections are of heated discussions over the dining room table on a Saturday morning, culminating in the ritual glass(es) of sherry. In many respects Dick was an academic work addict and, since there was a very strong mutual drive to solve the problems under investigation, it was not uncommon for us to meet on the Portsmouth-Gosport ferry after office hours to exchange the latest draft of the current research study. Dick was invariably accompanied by his dogs -well-bred golden retrievers, named after characters in Sherlock Holmes; his great uncle, Alfred Herbert Wood (1866-1941), had been secretary to Conan Doyle.
By his questioning and probing he stimulated others, his views made people think and caused resentment in many -especially when he questioned the professionalism of engineers and professional engineering practices. Because of his independent personality he was sought after for his technical advice and, regardless of personal consequences, he told people what he thought they should hear, even if at times they did not want to hear it. Dick's research was based on strong mathematical analysis and he was fearless in defending his argument or hypothesis, always showing absolute conviction in his conclusion. He therefore had little enthusiasm for prescriptive or descriptive engineering and saw research in terms of black and white, right and wrong. There was no grey area -only the need for further analysis and investigation. Without exception, those who knew Dick fell into two groups -for or against him -yet all respected his technical competence. He was a person who led from the front, an academic through and through, who worked to exacting standards of excellence, seeking knowledge and scholarship. This is clearly illustrated in his writings and honours which reveal his outstanding, wide range of achievements as a scientist and engineer.
It was a great privilege and honour to have been associated with Dick through our collab orative research into ship dynamics, as an academic colleague and as a personal friend. Rarely was there a dull moment since our initial chance first meeting 20 years previously; it was a period full of enthusiasm, providing a stimulating academic experience. It allowed me the great privilege of seeing, momentarily, how someone else thought, reasoned and acted. Dick was my severest critic yet my staunchest supporter, whose influence will remain with me and for which I will be forever grateful.
S e m in a l w o r k s a n d a w a r d s
Dick was a communicator par excellence, explaining difficult and fundamental principles of applied science in terms understandable to his fellow engineers and to the lay person. He wrote more than 200 papers published in the journals of learned societies, scientific journals and proceedings of conferences, and a large number of technical reports. He was always in great demand at conferences because of his stimulating contributions to discussions. In addi tion he wrote seminal books on Vibration Analysis Tables (with D. Clayton, 1982, Spon) . In addition he published Vibration (1965 and 1979, Cambridge) , based on his Royal Institution Christmas Lectures, which clearly demonstrates his art as a communicator in producing a very popular treatment of vibration for public consumption.
He was a remarkable engineer who was feted internationally through invitations to present (1975, 1977) , and the Skoda Anniversary Medal (1980) . He also received the George Stephenson (1959) and Clayton (1972) prizes of the I.Mech.E. One honour which brought Dick much personal satisfaction, delight and pride was the award of the William Froude Gold Medal (1988) by the Royal Institution of Naval Architects in recognition for his outstanding contributions to engineering knowledge and naval architecture. This was bestowed on a rebel who questioned and teased the fundamental concepts of the naval architecture profession but whose Council and members deemed Dick to be a worthy recipient of their Institution's highest award. In 1990 Liz received on Dick's behalf the Gold Medal of the Czechoslovak Society for Mechanics of the Czechoslovak Academy of Sciences in recognition of his contribution to the development of mechanics. This award was known to Dick but alas he never lived to receive it personally.
For his distinguished contributions and pioneering works as an engineer and educator, the American Society of Mechanical Engineers honoured Dick postumously with their most prestigious award, The Den Hartog Prize (1994) .
In his lifetime, Dick presented the James Clayton Memorial Lecture (I.Mech.E., 1963), the Thomas Lowe Gray Lecture (I.Mech.E., 1969), the John Orr Lecture (S. Africa, 1971) , the Fairey Lecture (University of Southampton, 1973) and the James Clayton Memorial Lecture (I. Mech.E. and RINA, 1981) . He was a visiting professor to numerous universities and research establishments worldwide where he participated in their research activities and lecture courses. Audiences always looked forward to these events because his lectures were always stimulating, provoking discussion and a healthy exchange of ideas.
C itation
By relaxing Jeffcott's extreme simplification, Professor Bishop effectively laid the foundations of modem rotor dynamics in 1959. On the basis of the more general theory, he devised the first suc cessful method of balancing flexible shafts and, in particular, large turbo-generators whose vibration is potentially very dangerous.
Similarly, he has elucidated other practical problems of applied mechanics. He has made significant advances in: the instability of high speed rolling stock; aircraft resonance testing; torsional oscillation of rotating machinery caused by gear eccentricity; structural self excitation by shedding of entrained vortices; measurement of forces transmitted at the human knee; various aspects of structural behav iour in waves.
In the late 1960s, Bishop set himself the enormous task of producing a comprehensive scientific replacement for the semi-empirical techniques of naval architecture. Ship Hydroelasticity, the impor tance of which is now well established, is almost wholly due to him and his former research assistant (Professor W.G. Price, F.Eng, FRS) who became his collaborator. It has shed a revealing light on ship losses in rough sea. Bishop can claim to be a pioneer of modem ship hydroelasticity theory.
To further his practical investigations, Bishop has developed and used new experimental techniques (e.g. applying photoelectric and X-ray methods). He has also devised new theoretical approaches, such as the powerful receptance theory and a general modal analysis for linear non-conservative sys tems; his analytical studies have also led to the writing of seminal books on the mechanics of vibra tion, the use of matrices and of random process theory in oscillatory dynamics.
Bishop was a communicator par excellence, explaining difficult and fundamental principles of applied science in terms understandable to his fellow engineers and the lay person. This is clearly illustrated by his lectures to the Royal Institution and in the resulting book.
Personal citation by the author.
A c k n o w l e d g e m e n t s I am grateful to acknowledge the contributions through discussions with Dick's widow, Liz, and his brother, Humphrey, the papers and writings left by Dick, the separate personal tributes of Emeritus Professor J. Crooks (Brunei University) and Professor G.M.L. Gladwell (see R.E.D. Bishop: 'Dynamicist and commu nicator', published in the Journal o f Sound and Vibration, 1991) .
I have experienced emotional difficulties in writing this tribute to Dick and I am grateful to my wife Jenny and family for their support. The close working relationship created a very strong bond of friendship between us, for I knew Dick for more years than I knew my own father, who died when I was in my 'teens. Finally, I thank the Royal Society for honouring me by their invitation to do this labour of love and for showing patience whilst waiting for this contribution.
After a funeral service in Portsmouth Cathedral which was filled to overflowing with family, friends, col leagues and even acquaintances with whom he had not always seen eye to eye, Dick was cremated at Portchester Crematorium. His ashes were buried in the grounds of the Cathedral where he had been chris tened some 64 years previously and where, for many years, he had worshipped and acted as a church warden whilst he lived with his family in Old Portsmouth.
The photograph was taken before or around June 1980 by the Godfrey Argent Studio.
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The complete bibliography appears on the accompanying microfiche. A photocopy is available from the Royal Society library at cost. The following selection of contributions is chosen from the full reference listing (numbers given in brackets). 
